Cellulase production in cultures of Acremonium cellulolyticus was significantly 14 improved by using waste milk pack (MP) that had been pretreated with cellulase. When 15 MP cellulose pretreated with cellulase (3 FPU/g MP) for 12 h was used as the sole 16 carbon source for A. cellulolyticus culture in a 3-L fermentor, the cellulase activity was 17 16 FPU/ml. This was 25-fold higher (0.67 FPU/ml) compared with untreated MP 18 cellulose and was comparable to that achieved with pure cellulose (Solka Floc). As the 19 pretreatment progressed, roughness on the surface of untreated MP cellulose became to 20 be smooth, but development of fissures on the surface of pretreated MP cellulose was 21 observed. Cellulase pretreatment of MP increased both the accessibility of A. 22
Introduction 27
Cellulase production is the most important step in the commercial production of 28 ethanol and other chemicals from renewable cellulosic materials. To cellulose powder was added to 1500 ml of medium containing 5 g/l of KH 2 PO 4 (pH 4.5), 146 and this was incubated at 35C and 600 rpm. Pretreatment of MP was initiated by the 147 addition of cellulase. The amounts of enzyme used were 3 and 15 FPU/g MP cellulose, 148 and the pretreatment times were 12 and 6 h, respectively. The procedures after the 149 pretreatment step were the same as those used in the shake-flask scale pretreatments. 150
2.3.Microorganisms and media 151
The microorganism used in this study was A. cellulolyticus C-1 (Ferm P- grown. The colonies on dextrose agar slant was then stored at 4°C in a refrigerator. The 159 colour of the colonies was brown to reddish brown, and they had short white hyphae 160 without spores. Prior to cultivation, A. cellulolyticus was seeded on SF agar slants, 161 incubated at 28°C for 3.5 days until the colonies had grown, and then stored at 4°C. The 162 preculture medium contained 40 g/l SF powder, 24 g/l KH 2 PO 4 , 1 ml/l Tween 80, 5 g/l 163 
Cellulase production in flask and fermentor cultures 169
In the flask cultures, 4 colonies were inoculated in a 500-ml Erlenmeyer flask 170 containing 50 ml preculture medium. The preculture was incubated for 60 h at 28°C and 171 220 rpm in a rotary shaker (TB50R, Takasaki Kagaku Co., Kawaguchi, Japan). 172
Cellulase production in flasks was initiated by adding 2.5 ml (5%) of the preculture to a 173 500-ml Erlenmeyer flask containing 50 ml of production medium. The cultures were 174 incubated for 5 days at 28°C and 220 rpm on a rotary shaker (Takasaki Kagaku). 175
Cultures were triplicated and average values were presented with standard deviation. 176
Cellulase was also produced in a 3-L jar fermentor equipped with Labo-177 controller (MDL-80, Marubishi, Tokyo Japan). The working volume was 1.5 L. 178
Distilled water was used to dissolve all the components of the production medium, and 179 the system was sterilized at 121°C for 20 min. An appropriate amount of urea was 180 added to 50 ml of distilled water, and the solution was filtered through 0.45-μm filter. 181
Urea was added to the fermentor prior to inoculation. Inoculum (150 ml) was added to 182 the fermentor that contained 1350 ml of production medium. The broth was cultured at 183 28°C, and the pH value was controlled at 4.5 using 2 N NaOH and 2 N H 2 SO 4 . Air was 184 supplied at 1.5 volume of air per volume of medium per minute (vvm) at an agitation 185 rate of 500 rpm. An antifoam agent (Silicone 72, KM-70, Shin-Etsu Chemical Co. Ltd.,duplicate; the data are presented as averages. 188
2.5.Analytical methods 189
The total cellulase activity was determined by the standard IUPAC procedure 190 using Whatman No. 1 filter paper, and the activity was expressed in filter paper units 
Length and width of pretreated MP cellulose fibers 217
The length and width of the fibers in the MS cellulose powder were measured 218 using the Fiber Quality Analyzer system (FQA, OpTest Equip. Inc. Hawkesbury, ON, 219 Canada). The fiber length and fiber width were in the ranges of 0.07-10 mm and 0.2-10 220 mm, respectively. Fibers with widths in the range of 0.07-0.2 mm were not considered 221 in the width measurements. 222
Scanning electron microscopy (SEM) 223
The MP samples were oven-dried at 60°C overnight. They were placed on black 224 tape, coated with gold, and observed under a scanning electron microscope (JEOL, 225 JSM-6300, Tokyo, Japan) with a JX A-6400 system (ADS + OM). Images were 226 recorded at 3 different magnifications (50×, 2000×, and 20000×). 227
Results and discussion 228

Effect of the degree of polymerization (DP) and crystallinity of cellulose on 229
cellulase production 230
The DP and CI of 10 different types of cellulose were measured before use. The 231 DP varied in the range 70-850, while the CI varied in the range 0.59-0.91 ( Fig. 1A and  232 B). Cellulase production was examined in flask cultures. The cellulase activity 233 increased up to a DP of 400 but decreased when the DP was higher than 400 (Fig. 1A) . 234
In the case of CI, the cellulase activity was high when cellulose with low CI was used, 235 but the activity was low when the CI was higher than 0.75 (Fig. 1B) . This indicates that 236 the DP and CI of cellulose affected cellulase production in the A. cellulolyticus culture. 237 SF was the best carbon source for A. cellulolyticus culture. The use of cellulose of 238 vegetable origin as the carbon source did not induce cellulase production even though 239 the CI (0.63) and DP (below 100) were low. Celluloses (nos. 4 and 6 in Fig. 1 and Table  240 1) with high CI and low DP produced cellulase, but the values were less than 50% of 241 those obtained with SF. Pulps (nos. 9 and 10 in Fig. 1 and Table 1 ) from conifers (MP) 242 and hardwood with high CI and high DP showed significantly different cellulase activity. 243
Hardwood pulp produced 4 FPU/ml of cellulase, but MP could not produce cellulase in 244
A. cellulolyticus culture, even though both materials contain a similar type of cellulose. 245
The DP and CI of hardwood pulp were 850 and 0.87, respectively, while the 246 corresponding values of MP (conifer pulp) were 700 and 0.8, respectively ( Fig. 1A and 247 B). 248
Pretreatment of MP with cellulase
The DP and CI were measured after pretreatment of MP cellulose with cellulase 250 (15 FPU/g MP). The CI of untreated MP cellulose was 0.75, but the value increased 251
proportionally with the pretreatment time. After pretreatment for 10 h, the CI reached 252 0.82 (Fig. 2) . This reflects the fact that cellulase hydrolysed amorphous cellulose faster 253 than crystalline cellulose. On the other hand, the DP of untreated MP cellulose was 700, 254 but this decreased to 550 after pretreatment for 10 h (Fig. 2) . This indicates that MP 255 cellulose was degraded as the hydrolysis by cellulase progressed. 256
In our investigations, the DP of MP cellulose was similar to that of SF, but the 257 CI increased; these changes might not induce cellulase production. In the case of 258 saccharification by cellulase, the hydrolytic yield was proportional to the DP, but 259 decreased when the CI was higher than 0.8 (data not shown). With regard to cellulase 260 production, we did not find an exact correlation between DP and cellulase production or 261 between CI and cellulase production. 262
Length and width of the pretreated MP cellulose fibers 263
After pretreating MP cellulose with cellulase (15 FPU/g MP) for 0-10 h, the 264 width and length of the pretreated MP cellulose fibers were measured, as shown in Fig.  265 3. There was no significant change in the fiber width from 0 h to 8 h of pretreatment 266 (Fig. 3A) , but the fiber length gradually decreased (Fig. 3B) . The distribution of the 267 fiber length after 0 and 4 h of pretreatment was similar, but after 8 h of pretreatment, the 268 distribution shifted to a shorter range. Based on these data, the average width and length 269 of the fiber were calculated (Fig. 4) . The fiber width was in the range 24 m-27 m and 270 was unaffected by cellulase pretreatment (Fig. 4A ) even when the pretreatment time 271 was extended to 24 h (data not shown). On the other hand, the average fiber lengthdecreased gradually from 1.9 mm to 0.8 mm as the pretreatment time increased from 4 h 273 to 6 h, and it finally reached 0.4 mm after pretreatment for 10 h (Fig. 4B) . Thus, the 274 fiber width was unaffected by cellulase pretreatment, but the fiber length decreased by 275 one-fourth. 276
With respect to the fiber width, fibers longer than 0.07 mm and shorter than 0.2 277 mm were excluded from the fiber width measurement. If small fibers included from this 278 measurement present during pretreatment, the specific surface area of MP cellulose 279 must be increased further, which might increase the accessibility of A. cellulolyticus to 280 the surface of MP cellulose. 281
Topological changes in MP cellulose 282
Because the width of MP cellulose fibers was unchanged even after pretreatment 283 with cellulase, we examined the surface changes in MP cellulose. the cellulase activity after 96 h of culture was only 0.19 FPU/ml, but when cellulase-300 pretreated MP cellulose was used, the cellulase production increased significantly. The 301 activities in 96-h cultures using MP celluloses pretreated for 6 h, 8 h, and 10 h were 302 13.3, 14.0, and 12.9 FPU/ml, respectively (Fig. 5) . The specific cellulase activity 303 significantly improved upon pretreatment of MP cellulose, and it increased from 0.01 304 FPU/mg protein in untreated MP to 0.60 FPU/mg protein after 8 h of pretreatment. 305
When MP cellulose was pretreated with cellulase for 8 h and used as the carbon source 306 in the A. cellulolyticus culture, the cellulase activity and specific activity dramatically 307 improved and were found to be 74-fold and 60-fold higher, respectively, than those of 308 untreated MP cellulose. After cellulase pretreatment of MP cellulose, the MP cellulose 309 hydrolysate contained glucose, xylose, arabinose, and cellobiose. When these 310 hydrolysates were used as the carbon source, cellulase activity was not detected (data 311 not shown). Therefore, monosaccharides from the hydrolysis of MP cellulose did not 312 induce cellulase in the culture of A. cellulolyticus. 313
The effect of pretreatment of MP cellulose with cellulase was confirmed in a 3-L 314 fermentor. When MP cellulose was pretreated with cellulase (3 FPU/g MP) for 12 h, the 315 cellulase activity increased to 16.0 FPU/ml with a specific activity of 0.67 FPU/mg 316 protein after a culture time of 84 h ( Fig. 6A and D) . When pretreatment was carried out 317 with 15 FPU/g MP for 6 h, the maximum cellulase activity was 12.6 FPU/ml after 96 hof culture. However, when untreated MP cellulose was used as the carbon source in the 319 culture, the cellulase activity was 0.73 FPU/ml with a specific activity of 0.11 FPU/mg 320 protein after 96 h of culture (Fig. 6A and D) . The cellulase production rates increased to 321 4.56 and 3.60 FPU/ml/d, respectively, after pretreatment of MP with cellulase. The 322 pretreated conditions were 3 FPU/g MP for 12 h and 15 FPU/g MP for 6 h. These results 323 were 20-fold and 25-fold higher than those obtained with untreated MP cellulose. The 324 reason why cellulose production was low when untreated MP cellulose was used might 325 be due to difficulties in cell growth. Until 60 h of culture, the dry cell weight of A. 326 cellulolyticus was almost zero (Fig. 6B) . The protein concentrations obtained with 327 pretreated MP celluloses were higher than 20 g/l, but when untreated MP cellulose was 328 used, the value was 6 g/l (Fig. 6C) . 329
Similarly, newspaper, office paper, and hardwood pulp were pretreated with 330 cellulase (15 FPU/g sample) for 6 h and used as the carbon source. In the case of 331 newspaper and office paper, the cellulase activity increased by 1.7-fold and 1.3-fold, 332 respectively, in comparison with those of the untreated samples (Table 2 ). However, in 333 the case of hardwood pulp, the cellulase activity decreased drastically. Cell growth in a 334 culture containing pretreated hardwood pulp was similar to that in the untreated material, 335 and the protein concentration was almost 2-fold higher than that of the untreated 336 material (data not shown). This suggests that cellulase-inducing components of 337 hardwood pulp might be removed by the pretreatment process. 338
Our results showed that it was possible to significantly improve cellulase 339 production by pretreating MP with cellulase. Using 3 FPU/g MP of cellulase, wecellulase activity was 17.4 FPU/ml (Ikeda et al., 2007) . Therefore, the cellulase activity 342 from waste MP was comparable to that obtained from pure cellulose (SF). When 50 g 343 MP cellulose/l was used as the carbon source, 150 FPU of cellulase/l was required for 344 pretreatment, but 1.6 × 10 4 FPU of cellulose was produced (107 fold). When 15 FPU/g 345 MP was used, 750 FPU of cellulase was used for pretreatment and 1.3 × 10 4 FPU was 346 produced (17 fold). Therefore, when less cellulase is used for the pretreatment of MP 347 cellulose, the cellulase production efficiency is higher. 348
In this study, the reason why cellulase production was improved by pretreatment 349 with cellulase is not known, but following factors are considered. The types of cellulose 350 crystals present may be important for cellulase production from A. cellulolyticus. that pretreatment with cellulase resulted in improved cellulase production, its levels of 374 16 FPU/ml, similar to those obtained with pure cellulose. 375
Conclusions 376
Cellulase production is a key step in biorefining in the production of second-377 generation bioethanol as an alternative fuel (Santos et al., 2010) . When A. cellulolyticus 378 was cultured in pretreated MP cellulose with 3 FPU/g MP for 12 h, the cellulase activity 379 significantly increased to 16 FPU/ml in a 3-L fermentor. This was 25-fold higher than 380 the activity achieved with untreated MP cellulose. This result would be useful to 381 bioconvert MP cellulose to the high-value product cellulase because cellulase 382 production is a key step in biorefining, in the application of simultaneous 383 saccharification and fermentation to generate ethanol fuel. 
